I. Introduction
In the case of channeling of relativistic particles through single-walled carbon nanotubes(SWCNTs), the channeled particles move along the nanotube axis, (z-axis) and is influenced by a transverse potential field results from atomic rows N form the nanotubesurface as illustrated in denotes the greatest common divisor of its arguments. Due to this field, the channeled charged particles execute a periodic motion in a definite eigenstates, and radiation results from spontaneous transitions between these states.This radiation was predictedby Kumakhov [1] in the case of axial and planar channeling of charged particles in crystals and was called channeling radiation. He also developed the theory of this phenomena [1, 2] . One of the most important applications of carbon nanotubes is the channeling of charged particles through carbon nanotubes (CNTs). The first theoretical study of particle channeling in CNTs appeared in the work of Klimov and Letokhov [3] , who showed that relativistic positrons and electrons can emit, respectively monochromatic hard X-rayand gamma-ray when channeled in CNTs. Dedkov [4] gave qualitative arguments showing that CNTs should provide more favorable conditions for ion channeling than single crystals, such as longer dechanneling length due to wider spaces with low electron densities, lower ion energy needed for channeling, as well as larger critical angles for channeling and bending of ion beams,in addition, the channeling potential wells of nanotubes are sufficiently deep and broad to allow an efficient capture of positive particle beam in channeling states.
In this work, we investigate the channeling radiation characteristics of positrons channeled in SWCNTs. The channeled positrons move along the nanotube axis, with energy range (10-500) MeV. This study covers the three known kinds of SWCNTs i.e., zigzag, armchair and chiral with different chiral indices (n,m) to investigate the effect of channeling potential well on the eigenstates of the channeled positrons. The energy eigenvalues, in a plane perpendicular to the nanotube axis (xy-plane), of relativistic positron channeled through SWCNTs has beencalculatedand then used in calculations of the emitted photon energy in the forward direction, i.e., channeling radiation. Also, the calculations covered both the wave length of the emitted radiation and the maximum number of bound states of the channeled positrons as a function of the nanotube radius at different incident energies for the channeled positrons. The results of the calculations showed that, in this energy range of the channeled positrons, the emitted radiation energy lies in the X-ray band and as the energy of the incident positron increase, the emitted radiation energy increase towards the gamma-ray energy band and accordingly, the wavelength decrease towards the gamma-ray band for the same transition.
II. Radiation Characteristics from Channeled Positrons
The channeled positrons are assumed to move along the nanotube axis, (z-axis), as illustrated in Fig.1 . The motion of the channeled positron in SWCNT is governed by thenanotube channeling potential i.e., the potential in a plane perpendicular to the tube axis (xy-plane). In previous work [5] , the nanotube channeling potential has been calculated according to the continuum model approximation given by Lindhard [6] , and by using the atomic interaction potential as given by Moliere [7] ,for the case of an axial channeling in single crystals. The calculated channeling potential was found to be a one-dimensional function of the distance ρ from the nanotube center in a planenormal to the tube axis and could be fitted reasonably tothe following expression:
where the fitting parameters a 1 , b 1 and c 1 are given in Table 1 for the carbon nanotubes under consideration.
The energy eigenvalues of the channeled positrons has been calculated by using the WKB method for a particle constrained to move between two classical turning points ρ 1 and ρ 2 . According to this approximation andby using Eq. (1) for the nanotube channeling potential, the energy eigenvalues of the channeled positron can be calculated from the following condition [8] :
where
,is the classical linear momentum, m 0 is the positron rest mass,γ is the relativistic correction and
where h is Planck's constant.
From Eq. (2), we can get the energy eigenvalues and the maximum number of bound states respectively as:
where E max , is the potential at the turning points, that is is the Bohr radius, z 2 is the charge number of the target atoms, and e is the elementary charge The emitted photon energy in the forward directionis given by:
where E  , is calculated by using Eq. (3), is the energy difference between the successive initial and final states of the channeled positron and ν is the frequency of the emitted radiation [9, 10] . The wave length of the emitted radiation λ, is calculated by using Eq. (5) as follows:
where, 10 3 10 / sec c cm  is the speed of light.
III. Computational Results and Discussion
To illustrate the channeling radiation characteristics, the emitted photon energies due to different allowed transitions were plotted for Moliere potentials for positrons with E = 50 MeV channeled in in single wall carbon nanotubes (armchair, chiral, zigzag) are presented the emitted photon energy in the forward direction due to the allowed transitions n,( n-1) in Fig. (1, 2, and 3 ) for different chiral indices (n,m) of single wall carbon nanotubes respectively.
The total emitted photon energy due to the new transitions n, (n-1) between higher quantum states are presented in Fig. (4, 5, and 6 ) for (armchair, chiral, zigzag) respectively as a function of positron energy up to 50 MeV.
The relation between the maximum number of bound states, nmax of the channeled positrons as a function of the nanotube radius at different incident energies (50, 100, and 500) MeV as shown in Fig. (7, 8, and DOI: 10.9790/5728-1205025866 www.iosrjournals.org 60 | Page 9) respectively. The relation between the radius and wavelength in (zigzag, chiral, armchair) single wall carbon nanotubes at (50, 100, and 500) MeV as shown in Fig. (10, 11, and 12) respectively. This results of the calculations showed that, in this energy range, the emitted radiation energy lies in the X-ray band and as the energy of the incident positron increase, the emitted radiation energy increase towards the γ-energy band and accordingly, the wave length decrease towards the γ-band for the same transition
values of positron energy, the wave length of the emitted radiation was found to be a decreasing function of the nanotube radius while the maximum number of bound states of the channeled positrons is an increasing function of the nanotube radius for the different types of SWCNTs namely, zigzag, armchair and chiral.
Values of the parameters a1, b1 and c1 in Eq. (7) needed to fit the nanotube channeling potential calculated by using different potential models for the given (n,m) nanotubes, nmax is the maximum number of bound states for channeled positron with incident energy 100 MeV incident in a direction parallel to the nanotube axis are presented in Table (1) .
The maximum number of bound states nmax as calculated from Eq. (4) for different types of single wall carbon nanotubes (n,m) (armchair, chiral, zigzag)with energies (10-500) MeV in direction parallel to the nanotube axis are presented in Table ( 1) ,it is been found that , nmax is increasing with the radius in the same chiral indices (n,m) of single wall carbon nanotubes.
The calculated results the energy of the emitted channeling radiation channeled positrons with (n, 0) (zigzag) of single wall carbon nanotubes by using Moliere potential at energies (10 MeV) were listed inTable (2) .Also the calculated results of the wave length of the emitted channeling radiation channeled positrons with different chiral indices (n,n) (armchair) of single wall carbon nanotubes by using Moliere potential at energies (50 MeV) are given in from Table ( 3). Fig. 1 . The cross section view of (6,0) nanotube is a circle of radius R, and ρ is the distance measured from the center O in the xy-plane.
IV. Figures and Tables

Fig. 2.
The emitted photon energy due to the allowed transitions n, n-1 for positrons with E = 50 MeV channeled in zigzag single-walled carbon nanotube selected with different diameters. MeV.
Fig. 7.
The emitted photon energy in the forward direction due to n, n-1 transitions between higher quantum states of transverse motion in for single-wall carbon nanotube (11, 9) as a function of positron energy up to 50 MeV.
Fig. 8.
The relation between the radius and the maximum number of bound state, n max in (zigzag, chiral, armchair) single wall carbon nanotubes at 50 MeV. Fig. 9 . The relation between the radius and the maximum number of bound state, n max in (zigzag, chiral, armchair) single wall carbon nanotubes at 100 MeV. Fig. 10 . The relation between the radius and the maximum number of bound state, n max in (zigzag, chiral, armchair) single wall carbon nanotubes at 500 MeV. (7) needed to fit the nanotube channeling potential calculated by using different potential models for the given (n,m) nanotubes, n max is the maximum number of bound states for channeled positron with incident energy 100 MeV incident in a direction parallel to the nanotube axis. 
V. Conclusion
This study covers SWCNTs with different chiral indices (n,m). The energy eigenvalues, in a plane normal to the nanotube axis (xy-plane), of relativistic positron channeled through SWCNTs has been used to calculate the emitted photon energy in the forward direction, i.e., channeling radiation. The calculations covered both the wave length of the emitted radiation and the maximum number of bound states of the channeled positrons as a function of the nanotube radius at different incident energies. The results of the calculations showed that, in this energy range, the emitted radiation energy lies in the X-ray band and as the energy of the incident positron increase, the emitted radiation energy increase towards the gamma-ray energy band and accordingly, the wave length decrease towards the gamma-ray band for the same transition 
